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INTRODUCTION 

The coal-der ived l i q u i d  used t o  produce a pumpable l i q u i d  s l u r r y  feed  t o  hydro- 
genera t ion  systems i s  commonly r e f e r r e d  t o  as s l u r r y  o i l  o r  p a s t i n g  o i l .  
r o l e  Of t h i s  material, o t h e r  than  a s  a t r a n s p o r t  medium, has  been neglec ted  
u n t i l  t h e  last  few years .  
t i o n  cons is ted  of f r a c t i o n s  c o l l e c t e d  a t  v a r i o u s  p o i n t s  i n  t h e  downstream 
Process .  
c a t a l y t i c a l l y  hydrogenated b e f o r e  being used.  
which provided informat ion  about  a chemical b a s i s  f o r  understanding hydrogen 
donor c a p a b i l i t y .  Necessary so lvent  q u a l i t i e s  t h a t  c o n t r i b u t e  t o  o r  enhance 
Coal conversion, hydrogenat ion o r  d e s u l f u r i z a t i o n  were n o t  q u a n t i f i e d .  P o t t -  
Broche used a hydroaromatic middle  o i l  genera ted  from coal  o r  tar  hydrogenat ion 
as t h e i r  p a s t i n g  o i l  and w e r e  a b l e  t o  achieve  conversions of about 80% a t  
p r e s s u r e s  i n  t h e  1500-3000 p s i g  range.  

More r e c e n t l y  processes  t h a t  depend upon t h e  hydrogen donor c a p a c i t y  of t h e  
process  so lvent  have been developed. Among t h e s e  a r e  t h e  Consol Synthe t ic  Fuel  
Process  (CSF), Pamco Solvent  Refined Coal Process  (SRC), and Exxon Donor Solvent  
(EDS) Process. 

The CSF and EDS processes  depend upon s p e c i a l  s o l v e n t  product ion  through f r a c -  
t i o n a t i o n  and subsequent hydrogenat ion.  The SRC process  does n o t  employ s o l v e n t  
prepara t ion  o t h e r  than f r a c t i o n a t i o n .  

I n t e r e s t  has  grown i n  t h e  r o l e  of so lvent  i n  t h e s e  three processes  as bench 
scale and s m a l l  p i l o t  p l a n t  i n v e s t i g a t i o n s  have i n t e n s i f i e d .  The a p p l i c a t i o n  
of a n a l y t i c a l  techniques toward i d e n t i f y i n g  donatab le  hydrogen w a s  descr ibed  by 
R. P. Anderson (IJ. More r e c e n t l y  donor r e a c t i o n s  f o r  d e s u l f u r i z a t i o n  w e r e  
descr ibed by G.  Doyle (2). 
The Exxon (EDS) process  i n  o p e r a t i o n  s i n c e  1975 a t  t h e  one-ton-a-day s c a l e  
depends heavi ly  upon knowledge of so lvent  q u a l i t y  and t h e  a b i l i t y  t o  c o n t r o l  
i t  (A). A p r o p r i e t a r y  so lvent  q u a l i t y  index w a s  repor ted  by Exxon. A minimum 
q u a l i t y  index repor ted  t o  be  a f u n c t i o n  of l i q u e f a c t i o n  condi t ions  w a s  r e l a t e d  
t o  conversion and claimed t o  improve handl ing  q u a l i t i e s  of t h e  products .  

This  work r e p o r t s  some r a t h e r  dramatic  bench s c a l e  c o a l  process ing  d a t a .  Major 
e f f e c t s  a r e  a t t r i b u t e d  t o  i d e n t i f i a b l e  s l u r r y  s o l v e n t  p r o p e r t i e s .  

The 

The p a s t i n g  o i l  used i n  Bergius  C a t a l y t i c  Hydrogena- 

Some of  t h e s e  products  of c a r b o n i z a t i o n  and/or  d i s t i l l a t i o n ,  were 
No s p e c i f i c  ana lyses  were made 

THE ROLE OF SOLVENT 

In conjunct ion w i t h  a process  s tudy  undertaken a t  HRI under E l e c t r i c  Power 
Research I n s t i t u t e  Research P r o j e c t  389 t o  i n v e s t i g a t e  SRC process  o p e r a b i l i t y  
and product y i e l d  s t r u c t u r e s  f o r  s e v e r a l  c o a l s  of commercial i n t e r e s t ,  a 
prel iminary a n a l y s i s  of t h e  r o l e  of s o l v e n t  upon c o a l  conversion was c a r r i e d  
Out. The purpose of t h i s  p r o j e c t  was t o  s c r e e n  c o a l s  p r i o r  t o  t h e i r  t e s t i n g  a t  
t h e  6 T/D SRC p i l o t  p l a n t  a t  Wilsonvi l le ,  Alabama. The o p e r a t i o n  of t h i s  p l a n t  
h a s  been j o i n t l y  funded by EPRI and Southern Serv ices ,  Inc .  C a t a l y t i c ,  I n c .  is 

Hydrocarbon Research, Inc .  Trenton, New J e r s e y  

E l e c t r i c  Power Research I n s t i t u t e ,  Pa lo  Al to ,  C a l i f o r n i a  
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t h e  p l a n t  o p e r a t o r .  
Wyodak c o a l  and Black Mesa c o a l ,  and one bi tuminous c o a l ,  I l l i n o i s  No. 6 c o a l  
from t h e  Monterey Mine. 
c o a l s  a r e  summarized i n  Table  1. A l l  of t h e  work descr ibed  h e r e  was done i n  a 
cont inuous bench-scale n o n c a t a l y t i c  u n i t  w i t h  a r e a c t o r  having a volume of 
1000 cc .  T h i s  u n i t  h a s  been descr ibed  previous ly  i n  EPRI r e p o r t s  123-1-0, 
123-2, and 389-1 (5, 2, 5, L) .  
The so lvent  was c h a r a c t e r i z e d  by i t s  t e t r a l i n  t o  naphthalene r a t i o  a s  d e t e r -  
mined by gas  chromatographic  a n a l y s i s ,  and t h e  HB v a l u e  by NMR measurement. 
r e p r e s e n t s  hydrogen on carbon atom a t  8-pos i t ion  of t h e  a romat ic  r i n g  (excluding 
methyls ) .  

E f f e c t  of T e t r a l i n  Content of Solvent  Upon Coal Conversion - Wyodak Coal Study 

During the SRC p r o c e s s i n g  of Wyodak c o a l  i t  was observed t h a t  under s t e a d y  
opera t ing  c o n d i t i o n s ,  t h e r e  was a gradual  b u t  p e r s i s t e n t  change i n  c o a l  conver- 
s i o n  with t h e  o p e r a t i n g  t i m e .  A p l o t  i s  presented  below t o  show process  condi- 
t i o n s  and c o a l  convers ion  VS. days of opera t ion .  This  experimental  program w a s  
c a r r i e d  out  under f o u r  c o n d i t i o n s  a s  shown. 
s o l v e n t  were c h a r a c t e r i z e d  by t e t r a l i n  conten t  and t e t r a l i n  t o  naphthalene r a t i o .  

The s tudy  was undertaken w i t h  two sub-bituminous c o a l s ,  

The proximate and u l t i m a t e  ana lyses  of t h e s e  t h r e e  

HB 

The s t a r t u p  s o l v e n t  and r e c y c l e  
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NOTES 
1. S t a r t u p  s o l v e n t  conta ined  2.8% t e t r a l i n ,  and 0.24 t e t r a l i n  t o  naptha lene  

r a t i o .  
2. About 3000 t o  5000 grams of t h e  s t a r t u p  s o l v e n t  were added dur ing  t h e  

per iod of i n t e r r u p t  ion .  
3. Wyodak c o a l  o p e r a t i o n s  s o l v e n t  genera ted  dur ing  preceding per iods ,  con- 

t a i n i n g  about  1% t e t r a l i n ,  was used f o r  s t a r t u p .  
4 .  S t a r t u p  s o l v e n t  w a s  hydrogenated an thracene  o i l ,  conta in ing  1.3% t e t r a l i n  

and 0.76 t e t r a l i n  t o  naphthalene r a t i o .  
5 .  Unconverted c o a l  i s  def ined  a s  t h e  benzene i n s o l u b l e  organic  component of 

dry  f i l t e r  cake.  This  v a l u e  i s  obta ined  by f i l t e r i n g  t h e  s l u r r y  product  
i n  t h e  bench-scale  f i l t e r  a t  300°F, and e x t r a c t i n g  t h e  cake wi th  benzene 
t o  q u a n t i f y  t h e  benzene i n s o l u b l e  c o n t e n t .  The dry f i l t e r  cake v a l u e  i s  
cor rec ted  by s u b t r a c t i n g  t h e  benzene i n s o l u b l e s  present  i n  t h e  975'F-t o i l .  
Coal conversion i n  t h i s  paper  is der ived from unconverted c o a l  by us ing  a 
forced  ash b a l a n c e  f o r  bituminous c o a l  o r  a SO3 f r e e  a s h  ba lance  f o r  
subbituminous c o a l .  

- 
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An examination of t h e  opera t ing  d a t a  revea led  t h a t  wi th  t h e  s t a r t u p  s o l v e n t  
containing 2.8% t e t r a l i n  (Condition A), Per iod  1 gave 79% c o a l  convers ion  which 
dropped to 68% dur ing  Period 2 as t e t r a l i n  conten t  decreased t o  1.1%. These 
changes i n d i c a t e  t h a t  t e t r a l i n  c o n t e n t ,  l i k e  c o a l  conversion,  is d i c t a t e d  by 
Process  Conditions. 
good c o a l  conversion under unfavorable  process  condi t ions .  

The e f f e c t  of t h e  t e t r a l i n  conten t  of t h e  s t a r t u p  so lvent  was more f u l l y  demon- 
s t r a t e d  under Condit ion B, Per iods  5 and 6 which y ie lded  h igher  conversion,  
82x9 than Period 8 d i d .  
t i o n s ,  but  were i n t e r r u p t e d  by a shutdown caused by u n i t  plugging. 
was s t a r t e d  wi th  t h e  vacuum d i s t i l l a t e  which comprised t h e  i n t e r n a l l y  genera ted  
s l u r r y i n g  o i l  conta in ing  only about  1% t e t r a l i n ,  and Per iod  5 was preceded wi th  
an addi t ion  of 3,000 t o  5,000 grams of t h e  s t a r t u p  s o l v e n t  conta in ing  2.8% 
t e t r a l i n  t o  t h e  u n i t  loop  wi th  a t o t a l  holdup of 11,000 grams, r e s u l t i n g  i n  an 
increase  i n  t h e  t e t r a l i n  conten t  which, i n  t u r n ,  r a i s e d  t h e  coa l  conversion.  

The gradual ,  b u t  p e r s i s t e n t ,  i n c r e a s e  i n  c o a l  conversion observed dur ing  Per iods  
8 through 13 w a s  r a t h e r  unique in t h a t  i t  had not  been observed before .  
was probably caused by t h e  use of a poor s t a r t u p  s o l v e n t  produced from preceding 
per iods  a t  lower r e a c t o r  temperatures ,  which d i d  not  conta in  any t e t r a l i n .  The 
s o l v e n t  from Per iod  1 3  had a t e t r a l i n  conten t  of 1 .3%.  The bench u n i t  has  a 
r a t h e r  l a r g e  holdup capac i ty ;  a t  15% s o l v e n t  product ion,  i t  takes  about s i x  
days t o  d i s p l a c e  70% of t h e  s t a r t u p  s o l v e n t .  These observa t ions  f u r t h e r  i n d i -  
c a t e  t h a t  t h e  hydrogen donor conten t  of t h e  s o l v e n t  as w e l l  a s  c o a l  conversion 
i s  cont ro l led  by t h e  process  c o n d i t i o n s .  

Condition D used hydrogenated an thracene  o i l  as t h e  s t a r t u p  so lvent .  
anthracene o i l ,  a c o a l  tar product ,  was hydrogenated t o  increase  i t s  hydrogen 
content  from 5.5 t o  7.2% i n  a s e p a r a t e  o p e r a t i o n  p r i o r  t o  i t s  use i n  t h i s  work. 
The hydrogenated an thracene  o i l  has  a h igher  i n i t i a l  b o i l i n g  p o i n t  (426OF) than  
a l l  t h e  o ther  s o l v e n t s  used dur ing  t h i s  s tudy.  Hence, i t s  t e t r a l i n  ( b o i l i n g  
p o i n t  - 405°F) conten t  is only 1.3%. However, i t s  exceedingly high t e t r a l i n  t o  
naphthalene r a t i o ,  0.76, i n d i c a t e s  t h a t  i t  would be  a good donor s o l v e n t  i f  it 
contained o t h e r  high b o i l i n g  hydroaromatics  w i t h  donor c a p a b i l i t y .  Condi t ion D 
was a t  higher p r e s s u r e  than Condit ion B, 2500 p s i g  v s .  2050 ps ig .  Hence, 
Condition D was expected t o  y i e l d  h igher  c o a l  conversion than  Condit ion B. The 
use  of hydrogenated an thracene  oil as s t a r t u p  s o l v e n t  d i d  r e s u l t  in a h igh  
i n i t i a l  conversion of 86%. The c o a l  conversion only  increased  s l i g h t l y  t o  88% 
i n  c o n t r a s t  t o  t h e  s teady  i n c r e a s e  from 70% t o  85% under Condit ion B which used 
a poor s t a r t u p  s o l v e n t  possess ing  a t e t r a l i n  t o  naphthalene r a t i o  of about 
0.16. The h igh  i n i t i a l  conversion and s l i g h t  i n c r e a s e  i n  conversion observed 
under Condition B l e a d s  t o  a conclus ion  t h a t  t h e  hydrogenated an thracene  o i l  i s  
a b e t t e r  donor s o l v e n t  than  t h e  o t h e r  s t a r t u p  s o l v e n t  and r e c y c l e  s o l v e n t  
because it c o n t a i n s  h igh  concent ra t ions  of hydrogen donors o ther  t h a n  t e t r a l i n .  

The Effec t  of Other Hydrogen Donors - Black Mesa Coal Operat ion 

Solvent  ana lyses  f o r  t h e  Black Mesa and Monterey c o a l  opera t ions  are summarized 
in Table 2. A p l o t  is presented  below t o  show process  condi t ions  and c o a l  
conversion. 

The Black Mesa c o a l  o p e r a t i o n s  l e d  t o  a r a t h e r  s i g n i f i c a n t  deduct ion.  The 
s t a r t u p  so lvent  obtained from t h e  W i l s o n v i l l e  SRC u n i t  on another  c o a l  con- 
ta ined  4.2% t e t r a l i n  and a t e t r a l i n  t o  naphthalene r a t i o  of 0.35. These v a l u e s  
were much h igher  than  those  of t h e  bench u n i t  r e c y c l e  s o l v e n t ,  which contained 
1.6 t o  2.5% t e t r a l i n  and a t e t r a l i n  t o  naphthalene r a t i o  of 0 .12  t o  0.23. 
However, t h e  c o a l  conversion s t e a d i l y  increased  from 77 t o  83.5% and then  
remained a t  t h i s  l e v e l .  

High t e t r a l i n  c o n t e n t  t h e r e f o r e  may not  by i t s e l f  s u s t a i n  

These two i n t e r v a l s  were a t  the  same o p e r a t i n g  condi- 
Per iod  8 

This  

Raw 
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Contactor Temperalure ( O F )  I_-- 852 A 
25 -+- 32.2 -____)( 

Coal Feed Rate Ilb/hr/ft3) 1- 
Inlet Pressure (prig) I- 2500 -4 

90 

An examination of the H-NMR d a t a  i n  Table  2 d i s c l o s e s  t h a t  HB, a measure of t h e  
hydroaromatics conten t  of t h e  r e c y c l e  s o l v e n t ,  increased  s t e a d i l y  from 16.5 t o  
21.6% from Period 1 A  t o  Period 7/8. Since  t h e  t e t r a l i n  (one of t h e  hydroaromatics) 
conten t  of t h e  s t a r t u p  s o l v e n t  is higher  than  t h e  r e c y c l e  s o l v e n t ,  t h e  i n c r e a s e  
i n  HB r e p r e s e n t s  an i n c r e a s e  i n  o t h e r  hydroaromatics  through t h e  displacement  
of t h e  s t a r t u p  s o l v e n t .  These observa t ions  i n d i c a t e  t h a t  t h e  s o l v e n t  produced 
from t h e  hydrogenat ion of  Black Mesa c o a l  c o n t a i n s  o t h e r  hydrogen donors which 
a r e  more r e a c t i v e  towards Black Mesa c o a l  than  t e t r a l i n .  

The Effec t  of Solvent  Q u a l i t y  Upon Coke Formation - Monterey Coal Operat ion 

Wilsonvi l le  s t a r t e d  o p e r a t i o n  on I l l i n o i s  No. 6 Monterey c o a l  i n  August 1975. 
S ince  the  Monterey c o a l  had a h igher  organic  s u l f u r  conten t  ( 2 . 8 X )  than  t h e  
I l l i n o i s  No. 6 c o a l  from Burning S t a r  Mine which had been used previous ly ,  t h e  
d i s s o l v e r  temperature  w a s  r a i s e d  from t h e  previous 835OF l e v e l  t o  855-890°F a t  
1,700 ps ig  i n  an a t tempt  t o  produce SRC meeting t h e  s u l f u r  s p e c i f i c a t i o n  of 
0.96 weight p e r c e n t .  There was a n  i n d i c a t i o n  of s o l i d s  bui ldup i n  t h e  d i s s o l v e r  
dur ing  these  runs .  T h i s  w a s  confirmed by f l u s h i n g  out  400-500 pounds of s o l i d s  
from t h e  d i s s o l v e r ,  which h a s  a t o t a l  volume of 20 cubic  f e e t .  L a t e r ,  e x t e n s i v e  
plugging of t r a n s f e r  lines around t h e  d i s s o l v e r  occurred  wi th  s u b s t a n t i a l  coke 
accumulation i n  t h e  lower h a l f  of t h e  d i s s o l v e r .  The plugging forced  a shutdown 
of t h e  p lan t .  HRI was r e t a i n e d  by EPRI t o  c a r r y  o u t  bench u n i t  SRC experiments  
under condi t ions  s i m i l a r  t o  W i l s o n v i l l e ' s .  Experiments were c a r r i e d  o u t  at 
1500 ps ig ,  840 and 868OF c o n t a c t o r  temperatures .  The coking problem w a s  demon- 
s t r a t e d  and d u p l i c a t e d  i n  t h e  bench-unit o p e r a t i o n  a t  t h e  h igher  temperatures .  

Table  3 summarizes s o l v e n t  a n a l y s e s  toge ther  wi th  c e r t a i n  p e r t i n e n t  o p e r a t i n g  
d a t a .  The r e c y c l e  s o l v e n t s  contained more hydroaromatics  than  t h e  s t a r t u p  
s o l v e n t  from t h e  W i l s o n v i l l e  SRC p l a n t ,  a s  shown by t h e  higher  t e t r a l i n l n a p h -  
t h a l e n e  r a t i o  and h igher  NMR H measurements of t h e  r e c y c l e  so lvents .  Hence, 
t h e  recyc le  s o l v e n t s  from t h e s e  two r u n s  should be b e t t e r  s o l v e n t s  t h a n  t h e  
Wilsonvi l le  s o l v e n t .  
i n c r e a s e  i n  c o a l  convers ion  dur ing  these  two runs .  
t o  show c o a l  conversion,  hydrogen consumption, s u l f u r  c o n t e n t  of 380°F+ f u e l  
o i l ,  and dry gas  product ion .  

T h i s  assumption w a s  supported by t h e  s l i g h t ,  bu t  s t e a d y ,  
P l o t s  are presented  below 
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The hydrogen consumption was h igher  a t  h i g h  c o n t a c t o r  temperature ,  5 . 1  VS. 

4.1 W % a s  expected.  However, t h e  h igh  hydrogen consumption w a s  accompanied by 
unfavorable  product  d i s t r i b u t i o n  a s  fo l lows:  

1. Low c o a l  conversion,  89.5% at  h igh  temperature  vs. 94% a t  low temperature .  

2. High C1-C3 d r y  g a s  product ion ,  13.3% v s .  7.8%. 

3. A d e t e r i o r a t i o n  i n  s o l v e n t  p r o p e r t i e s ,  a s  shown by the  low t e t r a l i n  t o  

4 .  

naphthalene r a t i o ,  0.36 vs .  0.5, and low HB value ,  16 v s .  19%. 

High Coke Formation: 
r e a c t o r  plugging.  The run  at  868'F was operated f o r  78 hours  then  termi-  
nated by r e a c t o r  plugging.  The r e a c t o r  was f i l l e d  wi th  a hard plug of 
s o l i d s  between t h e  middle of p r e h e a t e r  t o  a length  of 9 f e e t  o u t  of r e a c t o r  
length  of 13 f e e t .  
format ion  w a s  accompanied by  a doubl ing of t h e  f i l t r a t i o n  r a t e  of t h e  
s l u r r y  product .  

The r u n  a t  840°F was opera ted  f o r  83 hours wi thout  

In a d d i t i o n ,  it was observed t h a t  t h e  e x t e n s i v e  coke 

These phenomena l e a d  t o  t h e  fo l lowing  hypothes is :  Coal hydrogenat ion i s  pro- 
moted by t h e  hydrogen donors p r e s e n t  i n  t h e  so lvent .  When t h e  process  condi- 
t i o n s  r e s u l t  i n  a d e t e r i o r a t i o n  of donor c a p a b i l i t y  of t h e  s o l v e n t ,  thermal  
c racking  g e t s  ahead of hydrogenat ion,  which can lead  t o  coke formation.  

COKE FORMATION 

C h a r a c t e r i z a t i o n  of Coke . 

Two coke samples taken from t h e  W i l s o n v i l l e  d i s s o l v e r  a f t e r  opera t ions  on 
I l l i n o i s  #6 c o a l  from Monterey Mine (E) were s e n t  t o  Pennsylvania S t a t e  Uni- 
v e r s i t y  f o r  o p t i c a l  c h a r a c t e r i z a t i o n .  One was a f ine-gra ined  m a t e r i a l  and t h e  
o t h e r  was a much c o a r s e r  g r a i n  s i z e .  Penn S t a t e  repor ted  (2) t h a t  t h e  f i n e -  
gra ined  sample was composed of i n s o l u b l e  p a r t i c l e s  surrounded by a l a y e r  of 
a n i s o t r o p i c  carbon.  The most common c o n s t i t u t e n t s  of t h e  n u c l e i  a r e  semi-coke 
and c a l c i t e ,  bo th  of which a r e  p r e s e n t  i n  feed c o a l .  The s h e l l  of a n i s o t r o p i c  
carbon is  depos i ted  on t h e s e  n u c l e i  i n  t h e  SRC process  wi th  t h i s  c o a l .  Fine- 
g r a i n  an iso t ropy  and e x t i n c t i o n  c h a r a c t e r i s t i c s  a r e  i n d i c a t i v e  of a uniform, 
onion- l ike  d e p o s i t i o n ,  i . e . ,  c o n c e n t r i c  l a y e r s  surrounding a nucleus.  The 
coarse-grain sample e x h i b i t e d  agglomerat ion of t h e  f ine-grained d e p o s i t  and 
t h e r e  was a coarsening  of an iso t ropy  of t h e  carbonaceous s h e l l .  These domains 
o r  mosaic s t r u c t u r e s  are recognized as t h e  more t r a d i t i o n a l  o p t i c a l  t e x t u r e  of 
coalesced mesophase. 

The immediate cause of sed imenta t ion  of t h e  p a r t i c l e s  i n  t h e  r e a c t o r  was t h e  
growth of a n i s o t r o p i c  carbon on t o  t h e  undisso lved  m a t e r i a l s .  
c o n s i s t  of a semi-coke contaminant ,  m i n e r a l  mat te r  and undissolved macerals  
(genera l ly  f u s i n i t i c  m a t e r i a l ) .  The r e s u l t i n g  adhesion of p a r t i c l e s  forms a 
coke-l ike sediment. Operat ion c o n d i t i o n s  and o p t i c a l  t e x t u r e  of t h e  bonding 
a n i s o t r o p i c  carbon s u g g e s t  t h a t  its growth from t h e  s o l u t i o n  w a s  by a mechanism 
of growth of nematic l i q u i d  c r y s t a l s ,  t h u s  r e s u l t i n g  i n  mesophase format ion  
which then l e a d s  t o  a non-p las t ic  semi-coke. 

Coke ana lyses  from b o t h  W i l s o n v i l l e  and HRI opera t ions  w i t h  I l l i n o i s  No. 6 
Monterey c o a l  a r e  summarized i n  Table  4 .  

Most of t h e  s o l i d s  recovered  from t h e  d i s s o l v e r  and var ious  p a r t s  of t h e  
W i l s o n v i l l e  u n i t  such a s  t h e  h igh  p r e s s u r e  letdown v a l v e s  and t h e  blowdown tank 
were s i m i l a r  i n  composition. 
(undissolved carbonaceous c r e s o l  i n s o l u b l e s )  t o  ash  r a t i o  of around 2 w i t h  t h e  

These i n s o l u b l e s  

These composi t ions a r e  represented  by a UCC 
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except ion t h a t  t h e  s o l i d s  which depos i ted  a t  t h e  vapor- l iquid i n t e r f a c e  con- 
ta ined  much more c r e s o l - i n s o l u b l e  carbonaceous material  than  the o t h e r s .  The 
s o l i d s  recovered from t h e  H R I  bench u n i t s  had a much h igher  a s h  conten t  than  
those  from t h e  W i l s o n v i l l e  u n i t .  The h igher  a s h  conten t  of coke t o g e t h e r  w i t h  
t h e  s h o r t e r  t i m e  of HRI o p e r a t i o n  co inc ides  w i t h  Penn S t a t e ' s  c h a r a c t e r i z a t i o n  
of coke as a uniform, onion-l ike carbon d e p o s i t i o n  surrounding a nucleus  of 
minera l  matter. 

The H/C atomic r a t i o s  of a l l  coke d e p o s i t s  ( inc luding  t h e  s o l i d s  d e p o s i t s  a t  
t h e  vapor- l iquid i n t e r f a c e )  were q u i t e  c o n s i s t e n t ,  about  0.50. 
f i c a n t l y  lower t h a n  t h e  H / C  atomic r a t i o  of t h e  Monterey Mine c o a l ,  0.78, and 
t h e  unconverted c o a l ,  0.73. There was no d i f f e r e n c e  i n  the  H / C  atomic r a t i o  
between t h e  coke accumulated over  s h o r t  per iods  of time ( t h r e e  t o  f o u r  days i n  
t h e  HRI u n i t )  and long p e r i o d s  of t i m e  (more than  one month i n  t h e  W i l s o n v i l l e  
u n i t ) .  The cons is tency  of t h e  H / C  of coke under these  circumstances l e a d s  t o  
t h e  p o s t u l a t i o n  of a r e p r e c i p i t a t i o n  mechanism, wi thout  any s i g n i f i c a n t  carboni- 
z a t i o n  a f t e r  t h e  coke depos i t ion .  

Mechanism f o r  Coke Formation 

The SRC process  as p r a c t i c e d  a t  Wi lsonvi l le  u s e s  a r e c y c l e  s o l v e n t  (350° t o  
750'F) f o r  t r a n s p o r t i n g  t h e  c o a l  i n t o  t h e  r e a c t o r  and f o r  promoting t h e  d isso-  
l u t i o n  and the  conversion of coa l .  React ion (1) i l l u s t r a t e s  the a b i l i t y  of a 
donor so lvent  so lvent  molecule t o  release donor hydrogen dur ing  l i q u e f a c t i o n  
using t e t r a l i n  as a n  example of a donor s o l v e n t  molecule. 

This  i s  s i g n i -  

U 83: Liquefaction -a +4H I l l  

ti 

DONOR SOLVENT SPENT SOLVENT 

React ion ( 2 )  r e p r e s e n t s  t h e  f r e e  r a d i c a l s  formed by thermal  c racking  of t h e  
c o a l  "molecules" accept ing  donor hydrogen t o  form l i q u i d  product .  

coa l  h e a t  (4-X)  donor H )  Ar-XH (2) 

c o a l  fragment l i q u i d  product  

X = C ,  0, S ,  o r  N 

When t h e r e  i s  a d e f i c i e n c y  of donor hydrogen t h e  c o a l  f ragments  recombine t o  
form coke. 

n(Ar-X) , (Ar-X), (3) 
coke 

The presence of s o l i d  p a r t i c l e s ,  such as minera l  matter, a c t s  a s  nucleus upon 
which t h e  r e p r e c i p i t a t i o n  of c o a l  f rsgments  occurs .  
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SUMMARY AND CONCLUSIONS 

A pre l iminary  s tudy  of t h e  e f f e c t  of so lvent  upon SRC process  performances was 
undertaken. 
upon c o a l  conversion.  However, t h e  use  of a good s t a r t u p  s o l v e n t  does not  
s u s t a i n  good process  performance under unfavorable  process  c o n d i t i o n s  and v i c e  
v e r s a .  
t e t r a l i n  a l s o  possess  hydrogen donor c a p a b i l i t i e s .  These hydroaromatics  could 
be b e t t e r  donors  t h a n  t e t r a l i n .  This  conclus ion  was reached during a process  
s tudy  of t h e  Black Mesa c o a l ,  a subbituminous c o a l .  A t  t h e  same hydrogen 
p r e s s u r e ,  a n  i n c r e a s e  in r e a c t o r  temperature  r e s u l t e d  i n  h igher  hydrogen con- 
sumption, lower c o a l  convers ion  and h igh  dry gas  (Cl-C3) product ion.  The poor 
process  performances were accompanied by a d e t e r i o r a t i o n  i n  so lvent  p r o p e r t i e s  
( a s  shown by t h e  lower t e t r a l i n  t o  naphthalene r a t i o  and lower HB value)  and 
s i g n i f i c a n t  amount of coke formation.  These f i n d i n g s  suppor t  a hypothes is  t h a t  
coke formation r e s u l t s  when thermal  c racking  g e t s  ahead of hydrogenat ion which 
I s  promoted by t h e  hydrogen donors  p r e s e n t  i n  t h e  s o l v e n t .  

The s t a r t u p  s o l v e n t  and makeup s o l v e n t  have a s i g n i f i c a n t  e f f e c t  

Hydroaromatics, measured i n  p a r t  by H B  from NMR a n a l y s i s ,  o t h e r  than 
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TABLE 1 

ANALYSIS OF FEED COALS 

Proximate Analys is  (dry b a s i s )  w t . %  
Ash 
V o l a t i l e  Matter 
Fixed Carbon 

Ul t imate  Analys is  (dry b a s i s )  w t . %  
Carbon 
Hydrogen 
Sul f  ur  
Nitrogen 
Ash 
Oxygen (by d i f f e r e n c e )  

Su l fu r  Forms (dry b a s i s )  w t . %  
P y r i t i c  Su l fu r  
S u l f a t e  Su l fu r  
Organic Sul fur  (by d i f f e r e n c e )  
T o t a l  Sul fur  

Mineral  Analysis ( i g n i t e d  Bas i s )  w t . %  
p205 
s i 0 2  
Fe203 
A1203 
Ti02  
C a O  
Mg 0 
s o 3  
K20 
N a  20 
Undetermined 

Wyodak 
Coal 

7.04 
46.48 
46.48 

67.78 
4.97 
0.80 
0.65 
7.04 

18.76 

0.15 
0.01 
0.51 
0.67 

0.35 
27.91 

5.30 
15.75 
1.10 

19.00 
5.60 

22.84 
0.48 
0.72 
0.95 

Black 
Mesa Coal 

10.10 
42.57 
47.33 

69 .81  
4.79 
0.33 
1.04 

10.10 
13.93 

0.17 
0.00 
0.20 
0.37 

0.13 
46.99 

5.33 
16.96 

0.96 
18.00 

2.24 
6.17 
0.81 
1.69 
0.72 

I l l i n o i s  No. 6 
Monterey Coal 

10.11 
40.85 
49.04 

69.71 
4.56 
4.52 
1 . 1 7  

10.11 
9.89 

1.23 
0.14 
2.78 
4.15 

0.34 
50.25 
18.66 
18.15 
0.87 
4.25 
0.86 
3.29 
1.92 
1 . 1 7  
0 . 2 4  

1 
I 

I 

m 
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TABLE 3 

SRC OPERATIONS ON ILLINOIS NO. 6 MONTEREY MINE COAL 

SOLVENT ANALYSIS 

Contac t o r  Temperature , OF ( E s t  imated) 
I n l e t  Pressure ,  p s i g  
Coal Feed Rate, .  Lbs/Hr/Ft3 

Coal Conversion, W % of M.A.F. Coal 
Hydrogen Consumption, W % of M.A.F. Coa l  

S t a r t u p  Solvent  
From Wi l sonv i l l e  Recycle So lven t  

117-4 118-3B - 

Simulated D i s t i l l a t i o n  (VPC) , Boi l ing  
Bo i l ing  Poin t ,  OF 

IBP, OF 
IBO-403°F. W % 
405OF ( T e t r a l i n )  
412OF (Naphthalene) 

644OF (Phenanthrene/anthracene) 
646'F-End Po in t  
End Poin t ,  OF 

T e t r a l i n  + Naphthalene 
Tetralin/Naphthalene 

4 13-642'F 

Pro ton  D i s t r i b u t i o n  (H-NMR)* 
H (0-6 ppm) 
Hbr (3.5-2 ppm) 
H E  ( 2 - 1 . 1  ppm) 
H r  (1.1-0.4 ppm) 

284 
10.3 

4.2 
12.1 
50.2 

9.9 
13.4 

797 

16.3 
0.35 

52.9 
24.2 
17.5 

5.4 

839 863 
1500 1500 

25 25 

94.0 89.5 
4.1 5.1 

0.66 0.57 

320 
14.8 

5.2 
10.0 
49.3 

5.3 
15.4 
824 

320 
15.0 

4.1 
11.3 
46.0 

6.3 
17.3 

860 

15.2 15.4 
0.52 0.36 

48.0 54.6 
27.0 24.5 
18.3 16.4 

6.7 4.5 

* H r ep resen t s  a romat i c  hydrogen, H a ,  benzy l i c  hydrogen inc luding  methyls,  H B ,  
h&ogen on carbon atoms once removed from aromat ic  r i n g s  (excluding me thy l s ) ,  
and H r ,  hydrogen i n  a l i p h a t i c  methyl groups.  
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